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Devices and Methods for Microcontact Printing 



This provisional patent application discusses new methods, devices and 
improvements to an area know to those skilled in the art as Microcontact Printing. 



(1) Methods for Print Tip Thinning 

It is desirable to make very small spots (<100 nm) of DNA, or other materials, for 
some applications. However, it seems as though the wafer must be thinned to make spots 
as small as required. Because the pins are cut from the wafer using an anisotropic plasma 
etch (DRIE; see original application), which cuts perpendicular trenches to the wafer 
surface, and the plane of the cut pin lies in the plane of the wafer during fabrication, one 
of the tip dimensions has to correspond to the wafer thickness in the absence of any 
thinning. However, it is not practical to make, for example, a lOOji tip out of a lOO^i thick 
wafer, as the 100^ thick wafers are very difficult to handle because of lack of mechanical 
stability. Thus a thinning operation is required to reduce the tip size below that of the 
starting wafer thickness so as to have both a small tip and the requisite mechanical 
stability. 

One of the most important goals is tip size reduction and we have designed a 
relatively simple and inexpensive micromachining procedure that will allow the 
preparation of any arbitrarily sized tip from a given wafer. This is extremely important as 
now a thicker wafer (up to the -SOOp. limit of the DRIE procedure) can be utilized which 
results in a thicker shaft on the pin. The thicker shaft not only provides greater strength 
but allows the fabrication of a larger reservoir. 

The new procedure uses either a combination of wet KOH and DRIE etching, or 
DRIB etching alone, to sculpt the tip to the desired shape by selective thinning of certain 
regions of the wafer before the pins are cut from the die with DRIE. Figure 1 shows that 
four basic tip shapes can be fabricated depending on whether a wet etch or DRIE is used 
for the thinning operation which will give depressions with sloped or vertical sidewalls. 

One example of wet etched design choice is shown in Fig. 1 A and B. Unlike 
DRIE operations, the wet etch procedure can be run in a parallel fashion. By using either 
a double or single sided etching procedure the pin tip would be disposed symmetrically or 
asymmetrically, respectively, between the two large faces of the starting wafer (Fig. 1 A, 
B). A schematic illustration of the pin layout, relative to the wet etched pits, is shown in 
Fig. 2, with a layout of the pins on the same (Fig. 2A) and opposite (Fig. 2B) sides of the 
wafer. The schema where the pin is laid out on the same side of the wafer as the thinning 
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Fig. 1 Designs for the fabrication of printing tips thinner than the 
substrate using a thinning operation that precedes the final DRIE cutting 
of the pins from the wafer. The left hand column shows the thinning type 
and the dotted line represents a cut that produces two identical tips one of 
which is shown in the right hand column. The depressions in A and B 
result from wet etching while C and D result from DRIE procedures. 
Alternatively, the structures shown in the right hand column can be cut 
mdividually from the wafer. 
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Fig. 2 One method of reducing the print tip dimensions. A and B show a schematic of the pin tip 
shape obtained with the thinning on both sides (A) or on a single side (B) opposite the pin pattern. 
The Fig, 2B layout produces the asymmetric tip shown in Fig. IB. Part C shows the symmetric 
print tip that results when the pins are cut from a substrate that has been thinned on both sides 
(Fig. 2A)withaK0Hetch. 
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depression requires the use of simple projection lithography. When the pattern to be cut 
by the DRBB step is on the opposite side of the depression, only routine lithography is 
required. This latter procedure does generate the asymmetrically disposed tip (Fig. 2B). 
Because of the holder design discussed below, it is believed that the asymmetric tips will 
not undergo any horizontal deflection upon application of force in the z direction 
(perpendicular to wafer plane). The asymmetric tips are easier to fabricate and require 
fewer steps and will therefore be less e?q)ensive. 

At the expense of adding an additional masking/etching procedure into the overall 
process, the square print tip can be fashioned into an octagonal tip that approximates the 
more ideal round shape if reshaping of the deposited spot proves to be necessary. As 
shown in Fig. 3, a first pit is wet etched into both side of the wafer in a thinning operation 
that determines the uhimate horizontal thickness of the print tip. 




Fig. 3 An octagonal print tip can be micromachined by using two wet etch operations etch and 
one DRIE step. The red circles represent surfaces that are covered with an etch stop layer. For the 
KOH etches, Si02 will suflBce for this etch depth but Si3N4 can be used if needed. The heavy 
solid line in D is the capillary channel, fabricated by DRIE with photoresist or oxide etch stop, 
connecting the reservoir and print tip. 

Another method to thin the tips to a smaller side relies on the use of DRIB for all 
of the etching steps as shown schematically in Fig. 4. For this method, the entire outline 
of the pins, channel and reservoir, as well as the area to be thinned on the tip to reduce its 
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ABC 




Fig. 4 Process flow for the micromachining of Si pins using two DRIE operations. The 
process starts with a 200^im Si wafer (A), patterned with tips mask (A), and etched lOO^m 
usmg DRIE (B). The wafer is then flipped upside down (C), patterned with the thinning mask 
(C), and etched another 100|im using DRIE process (D). The pin tip along with the thinning 
region is shown in E. The pin tips can be made of any aibitrary size by varying the etch depths 
using the same photomasks. 



size, is cut by DRIE on the first side of the wafer. Next, the opposite side of the wafer has 
the pattern to be cut aligned to the etch on the first side by standard double sided mask 
alignment techniques using infi-ared radiation to see through the wafer. After suitable 
patterning, processing and etching, the pin with the suitably thinned tip (Fig 4E) is now 
completely etched away fi-om the die except for a specially micromachined breakaway 
attachment point (Fig. SB). 

Some examples of the type of pin that can be made using this all-DRIE process 
are shown in Fig. 5. Note the step that defines the difference in heights between the 
thinned and unthinned portion of the tip is not straight but rather is curved (Fig. 5 A-D). In 
this case the curve approximates a section of an ellipse (red ellipse in Fig, 5F) which 
assists in distributing the stress of the thinning discontinuity more widely than a linear cut 
would. This shape also has an additional added benefit in terms of directing any printing 
fluid on the outer pin surface into the printing tip of the pin which is an important 
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Fig. 5 
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factor in determining how soon after filling the pin and beginning to print does the 
printed spot size stabilize as discussed in section 6 (data containing variability in printed 
spot size cannot be used and generates waste of sample and time). 

Depending on how deep the relative etch is on the two sides of the wafer different 
tip dimensions can be obtained from the same photomask used to generate the pin 
patterns. As shown in Fig. 6, the total wafer thickness (Fig. 6A) is the thickness of the pin 
shaft (in this case 200 nm), the depth of the cut on the top surface is shown in Fig. 6B 
and the thickness of the tip in one dimension is shown in Fig. 6C. The tip dimensions 
were covered in our previous application and a section below discusses some new non- 
flat improvements to the flat tip designs. 

In summary, several methods are available to thin the tips of the micromachined 
silicon microcontact printing pins in order to print smaller spots of DNA, protein and 
other materials. 





Fig. 6 
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(2) Control of the Print Tip Pressure on the Substrate 

In the most common way to print microarrays, the printing pins are made from 
stainless steel and are 1/16" in diameter and 2-3" long with a metal collar press fitted 
onto one end. The pins are held in place for printing by placement into through holes in a 
metal block and prevented from falling all the way through by said metal collar (Fig. 7). 
When the suspended pins are lowered onto a substrate, they lift up within the holder 
when the tip touches the surface of the printing substrate. 



0000000 



nil 



Substrate 



Fig. 7 



Substrate 



As shown in Fig. 8, the floating pins produce a tip pressure vs z displacement 
relationship that gives a constant amount of pressure no matter what the z deflection 
because the pressure is generated from the weight of the pins which is constant. 

Since the microcontact printing process is related to printing with a rubber stamp 
in some respects, it stands to reason that there is an optimum pressure required to give the 
most uniform and consistent printed spots. With the floating pin type holder, there is no 
provision for varying the print tip pressure except for increasing or decreasing the weight 
of each pin. 

In an improvement of the gravity method of forcing the pins onto the substrate, 
the use of elastomeric membranes or foams is highly advantageous to provide the proper 
pressure required for printing. When an array of pins with coplanar tips in a holder is 
covered with a piece of elastomeric foam of some thickness, and the pins used by 
pressing them against the substrate surface to be printed, the amount of pressure on the 
tip increases as the z displacement of the holder increases (Fig. 8B). It is also obvious 
from Fig. 8 that inducing the printing pressure from a deformable elastomeric source 
allows the application of very small amounts of pressure or larger amounts than the 
gravity methods, thereby allowing the selection of the optimum printing pressure. It is 
clear as well that by choosing judiciously among parameters such for (a) foam: overall 
thickness, foam cell size, cell density in the foam, the foam material and the foam 
backing that many different print pressures can be obtained or (b) elastomeric membrane: 
elasticity of membrane, membrane thickness, how tight when mounted, etc. 
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It is clear that the use of the elastomeric materials to provide variable and correct 
printing pressures is a large improvement over the current practice. 

(3) Geometric factors influencing delivery of the printing fluid from the reservoir to 
the printing tip 

It is absolutely critical for the smooth, accurate and controllable delivery of the 
printing fluid to the printing tip from the reservoir, which in turn is essential for the 
printing of small and uniform spots, that the reservoir, delivery channel between the 
reservoir and printing tip be of precise dimension and shapes. The channel at the bottom 
of the exit can be from 10 nm to several hundred microns depending on how thick the tip 
is. Fig. 5E shows the dimension of two typical reservoirs and channels while Fig. 5F is a 
photomicrograph of some of the fabricated silicon pins showing the reservoirs and 
channel shapes and dimensions. 

One of the most important aspects of the channel shape is that it must always 
decrease in width as it gets closer to the print tip in order to draw the fluid toward the 
print tip and keep it wet as the printing fluid is depleted. If the channel is of a constant 
width/diameter, a meniscus will form as the initial fluid on the print tip is depleted and 
retreat up the channel away from the print tip. 

Another important aspect is the depth of the channel, which is 200 ^im in this case 
but could range from lOnm to several millimeters in depth. 
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Still another important feature of the channel and reservoir in the micromachined 
pins is that it can be made any volume between 10*^ femtoliters and tens of microliters 
thereby allowing just the amount to be subsequently printed to be taken up into the 
reservoir and channel thereby minimizing waste of valuable samples like DNA or 
proteins. 

(4) Non-flat print tip shapes 

While some of the current metal pins claim to have flat printing tips, it has been 
found to be advantageous for printing very high quality spots that the printing tips can be 
non-flat including curved, scalloped, sloped and othenvise textured. Examples are shown 
in Fig. 9A and 9B. The shape of the tip greatly influences the sh^e of the deposited 
spots. 




Fig. 9A SEM picture of a scalloped Si pin tip style 
with a 200 X 200|un pin tip. 



(5) Advantages of well formed, thick and pure oxide pin coatings 

After any etching or micromachining operation, the surface of the silicon oxidizes 
upon exposure to the atmosphere to form a rather thin (20-60 A) layer of a structurally ill 
defined material called the "native oxide". Silicon with only the native oxide is 
sometimes difficult to wet and hard to clean. However, wjien silicon is treated with steam 
at 900-1000*'C, a very dense, pure, conformal coating of Si02 is formed 

The thick continuous oxide coating protects the pins from certain chemicals and 
provides a surface that is easily cleaned and regenerated by heating in the atmosphere or 
under oxygen. These heating treatments are particularly eflfective at removing any 
biological or organic impurities. 

Still another advantage of the thick Si02 coatings on the silicon microcontact 
printing pins is that from a surface chemistry viewpoint, the Si02 surface is essentially 
identical to glass. This is very important because there is a great deal of chemical 
literature associated with the chemical derivitization of glass surface. By attaching certain 
chemicals to the surface of the Si02, the surface properties of the printmg tools can be 
modified to alter the wetting properties or biological species (e.g. proteins, antibodies or 
DNA) can be attached to the Si02 surface to greatly increases the molecular specificity. 
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(6) Elimination/iniiiiinizing of prespotting phenomenon 

Prespotting phenomenon: When the pins are dipped in the printing solution for fluid 
pickup, some of the fluid sticks to the outside walls of the pins. Eventually when the 
printing starts the solution sticking to the walls of the pins gradually gets deposited on to 
the substrate along with the solution from the reservoir drastically increasing the spot 
size. Hence "pre-spotting" is required to remove sample from the exterior of the 
pin tip so that only the solution from the reservoir/quill is dispensed to the array. This is a 
considerable waste of time and expensive samples. 

This problem is eliminated by the thinning design as discussed earlier in section 1. The 
extra sample sticking to all the exterior walls of the pins is directed to the thinned region 
(as shown in Fig. lOA) instead of towards the pin tips as in the case of non thinned tips 
(Fig. lOB). The spot profile from the first to the last spot printed from a single sample 
uptake using the two types of pins (Fig. 10) is shown in Fig. 1 1. As shown in Fig. 1 1 A the 
pre-spotting phenomenon is significantly reduced compared to Fig. 1 IB. 

This could also be achieved by having grooves (leading to the reservoir channel) on the 
external walls of the pin type shown in Fig lO.B. 




Fig. 10 Schematic representation of a thinned (A) and non thinned tip (B) 
and the printing fluid in the reservoir channel (red) 
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Fig, 11 spot size profile of a A) thinned pin (blue) vs B) non thinned pin (green). 
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